Background. Although attention deficit hyperactivity disorder (ADHD) and bipolar disorder (BPD) co-occur frequently and represent a particularly morbid clinical form of both disorders, neuroimaging research addressing this co-morbidity is scarce. Our aim was to evaluate the morphometric magnetic resonance imaging (MRI) underpinnings of the co-morbidity of ADHD with BPD, testing the hypothesis that subjects with this co-morbidity would have neuroanatomical correlates of both disorders.
Introduction
Studies of adults (Sachs et al. 2000) and children (Biederman et al. 2000a (Biederman et al. , b, 2003 with attention deficit hyperactivity disorder (ADHD) and bipolar disorder (BPD) have documented a substantial and bidirectional overlap between these disorders. Adults with BPD and co-morbid ADHD have an early age of BPD onset in childhood and adolescence (Sachs et al. 2000) . Recent family studies documented cosegregation between BPD and ADHD, suggesting that BPD co-morbid with ADHD might be an earlyonset, familially distinct subtype of BPD (Faraone et al. 1997 (Faraone et al. , 1998 (Faraone et al. , 2001 Biederman et al. 2000b) .
Although these findings suggest that the co-morbidity between ADHD and BPD can help to identify more homogeneous subtypes with distinct neurobiological substrates, previous neuroimaging morphometric studies have not examined the impact of this comorbidity.
Because BPD is primarily characterized by affective dysregulation whereas ADHD is primarily characterized by attention and executive function deficits, it is reasonable to hypothesize that these disorders contribute different neuroanatomical substrates to the co-morbid subgroup. Morphometric research on BPD has produced inconsistent results (McDonald et al. 2004 ; Brambilla et al. 2005 ; Strakowski et al. 2005) but there are strong theoretical reasons to hypothesize that dysfunctions in BPD occur in the prefrontal-limbic circuitry underlying affective regulation, such as the amygdala, orbital prefrontal cortex and thalamus (Soares et al. 1997) . Lesions in these areas can produce a disinhibition syndrome, with right-sided lesions producing classic manic symptoms (Soares et al. 1997) . Although a meta-analysis showed inconsistencies in the morphometric magnetic resonance imaging (MRI) literature on BPD (McDonald et al. 2004) , individual MRI studies of adults with BPD have shown a range of significant brain anatomic abnormalities consistent with this hypothesis, such as subcortical regions of interest (ROIs) in the amygdala, subgenual prefrontal cortex, thalamus, striatum, white matter and periventricular region, as well as in the ventricles, and cerebellum (Brambilla et al. 2005 ; Strakowski et al. 2005 ; Adler et al. 2007 ; Rosso et al. 2007) . Functional imaging studies have also identified altered brain activation in these regions (Blumberg et al. 1999 ; Elliott et al. 2004 ; Altshuler et al. 2005a, b) .
By contrast, morphometric studies of ADHD have produced a different and more coherent picture (Castellanos et al. 2002) . In children with ADHD, structural differences have tended to be associated with the cortical attentional network, especially in the frontal lobe as a whole, the dorsolateral prefrontal cortex (DLPFC), and the splenium of the corpus callosum, caudate, and the cerebellum (Sowell et al. 2003 ; Seidman et al. 2005 ; Valera et al. 2007) . Additionally, in the largest MRI study of adults with ADHD to date, we found significantly smaller overall cortical gray matter, DLPFC and anterior cingulate cortex (ACC) volumes associated with ADHD . In subsequent analyses of the same sample, the neocortex as a whole and also specific components of the cortical attentional network, including the ACC, were significantly thinner than in controls (Makris et al. 2007) . Thus, the available data suggest that BPD and ADHD are associated with relatively distinct neuroanatomical substrates primarily reflecting subcortical (' limbic ') regions in BPD and cortical (' cognitive ') regions in ADHD.
The main aim of the present study was to evaluate the morphometric MRI underpinnings of the comorbidity between ADHD and BPD in adults. Based on the available literature and theoretical considerations, we hypothesized that the co-morbid condition would exhibit a combination of abnormalities affecting the amygdala, thalamus and orbital prefrontal cortex associated with BPD (Adler et al. 2007 ; Rosso et al. 2007) , and abnormalities affecting the DLPFC and ACC, overall neocortex, as well as the cerebellum (Castellanos et al. 2002) , associated with ADHD. To our knowledge, this strategy to address heterogeneity within ADHD and BPD by examining cases with and without co-morbidity with the other disorder has not been used in either ADHD or BPD imaging research before.
Method

Subjects
Subjects (ages 18-59) were stratified into four groups based on diagnostic status : BPD+ADHD (n=31), BPD only (n=18), ADHD only (n=26) and controls with neither ADHD nor BPD (n=23). These samples were drawn from two ongoing brain imaging studies with identical brain acquisitions and measurements carried out at Massachusetts General Hospital (MGH). Data from 43 % of the participants in this study (24 with ADHD and 18 controls) without BPD have been reported in other papers Makris et al. 2007 ) focusing on the neuroanatomy of adults with ADHD in a relatively non-co-morbid sample. Thus, this report substantially extends the previous study by 31 participants with ADHD+BPD, 18 persons with BPD, two persons with ADHD (without BPD), and five controls. Exclusion criteria were deafness, blindness, neurological disorders, sensorimotor handicaps, inadequate command of the English language, or a full-scale IQ estimate less than 75 as measured by the Wechsler Adult Intelligence Scale -Revised (WAIS-R ; Wechsler, 1981) . No ethnic or racial group was excluded. We recruited ADHD probands through referrals to psychiatric clinics at the MGH and advertisements in the greater Boston area. We recruited potential non-ADHD probands through advertisements in the greater Boston area. ADHD adults were included if they met full criteria for current ADHD according to the DSM-IV, with childhood onset and persistence into adulthood. A subset of the bipolar probands was recruited through a follow-up to a birth cohort study (Buka et al. 1999) . Written informed consent was obtained from all subjects after a complete description of the study, and all participants received an honorarium for participating. The MGH human subjects committee approved this study.
Clinical assessment measures
Trained interviewers, blind to ascertainment status, interviewed subjects with the Structured Clinical Interview for DSM-IV (First et al. 1997) and modules from the Kiddie Schedule of Affective Disorders and Schizophrenia -Epidemiological Version (SADS-E ; Orvaschel, 1994) . The structured interview data were reviewed by a diagnostic committee so that a bestestimate diagnosis could be made, as described by Leckman et al. (1982) . The diagnostic committee was blind to the subject's ascertainment group and all nondiagnostic data. We computed k coefficients by having board-certified child and adult psychiatrists diagnose subjects from audio-taped interviews. Based on 500 assessments from interviews of children and adults, the median k coefficient was 0.98. k coefficients for ADHD and BPD were 0.88 and 0.95 respectively. We also estimated the reliability of the diagnostic review process by computing k coefficients of agreement between clinician reviewers. The median reliability between individual clinicians and the review committee was 0.87.
We estimated IQ from the Block Design and Vocabulary subtests of the WAIS-R (Wechsler, 1981) .
MRI protocol
Whole-brain MR images were collected on a Siemens 1.5-Tesla scanner at the MGH Martinos Center. A sagittal localizer scan was performed for placement of slices, followed by a coronal T2-weighted sequence to rule out unexpected neuropathology. Two sagittal 3D MP-RAGE (T1-weighted, non-selective inversionprepared spoiled gradient echo pulse) sequences were collected and averaged (TR/TE/T1/flip=2.73 s/3.39 ms/1.0 s/7, bandwidth=190 Hz/pixel, sampling matrix=256r192 pixels, field of view= 256r256 mm, effective slice thickness=1.33 mm on a 170-mm slab of 128 partitions) and used for morphometric analyses conducted at the MGH Center for Morphometric Analysis (CMA). Individuals with ADHD (regardless of BPD diagnostic status) using psychostimulants were asked to refrain from medications for 24 hours prior to scanning (for the functional MRI protocol, which was collected at the same session). Other participants stayed on their medications.
Image analysis
Structural scans were transferred to the CMA and coded and catalogued for blind analysis. Imaging analysis was performed in workstations using Cardviews software (Caviness et al. 1996b) .
Gray and white matter whole-brain segmentation
Brain images were positionally normalized to overcome variations in head position by using a standard three-dimensional coordinate system on each scan. This procedure uses the midpoints of the decussations of the anterior and posterior commissure lines and the midsagittal plane at the level of the posterior commissure. This 'self-referential ' system is based directly on the individual brain, and is not warped to a template atlas. The datasets were then segmented into gray, white and cerebrospinal fluid (CSF) tissue classes using a semi-automated intensity contour algorithm for external border definition and signal intensity histogram distributions for delineation of gray-white borders. This technique yields separate components of neocortex, subcortical gray nuclei, white matter, and ventricular system subdivisions that correspond to the natural tissue boundaries distinguished by signal intensities on T1-weighted images. ROIs yielded by this technique include total cerebrum, cortical gray matter, cortical white matter, lateral, third and fourth ventricles, caudate, putamen, pallidum, nucleus accumbens, hippocampus, amygdala, thalamus, brainstem, cerebellar cortex, and cerebellar central mass (including cerebellar white matter and deep nuclei). CSF segmentations included the lateral, third and fourth ventricles.
Parcellation of the neocortex
The neocortex, as defined by the gray-white matter segmentation procedure, was then divided into 48 parcellation units (PUs) per hemisphere, based on the system originally described by Rademacher (1992) and modified by Caviness et al. (1996 b) . This is a comprehensive system of neocortical subdivision designed to approximate architectonic and functional subdivisions, and based on specific anatomical landmarks present in all brains. Caviness, Kennedy and Makris developed these procedures, trained the technicians, and maintained quality control for the segmentation and parcellation of the data. The research team has substantial experience with these procedures with many other psychiatric disorders in comparable age groups.
Following parcellation, volumes were calculated for each PU by multiplying the area measurement of the PU on each slice by the slice thickness, followed by summing across all slices in which the PU appears. The PUs were combined into clusters based on lobar and connectivity data into cortical volumes of the frontal, parietal, temporal and occipital lobes. To avoid multiple testing, only ROIs hypothesized to be associated with the specific and combined disorders were examined.
Reliability of morphometric measures
In various inter-rater reliability studies carried out at the CMA over the past decade, intra-class correlation coefficients (ICCs) for brain ROIs relevant to this study averaged : total cerebrum, 0.96 ; neocortex or total cerebral gray matter, 0.86 ; thalamus, 0.89 ; cerebellum gray matter, 0.85 ; amygdala, 0.86 ; superior frontal gyrus, 0.89 ; middle frontal gyrus, 0.77 ; orbital prefrontal gyrus, 0.75 ; anterior cingulate, 0.84. ICCs for exploratory analyses were : pallidum, 0.80 ; caudate, 0.76 ; putamen, 0.73 ; accumbens, 0.76 (Caviness et al. 1996a ; Goldstein et al. 1999 ; Seidman et al. 1999 ; Frazier et al. 2005a, b) .
Data analyses
First, we compared the four groups on demographic, psychiatric and neurocognitive factors, using the x 2 test and one-way analysis of variance for categorical and dimensional variables respectively. To determine whether these variables confound our tests of hypotheses, we followed the guidelines of Weinberg (1993) . We considered a variable as potentially confounded with the predictor variable of interest (i.e. diagnostic status) if the degree of association reached the 0.10 level of significance (we used this liberal level of significance to avoid missing any potential confounds). For variables meeting this criterion, we next determined if they were associated with the outcome variables at the 0.10 level of significance. Those also meeting this criterion were flagged as confounders and used as covariates in the analysis (see below).
We selected a limited subgroup of specific ROIs predicted a priori to be associated with ADHD and BPD. For ADHD we used ROIs found to be significantly different from controls in a non-co-morbid sample previously reported by our group , including DLPFC as reflected in superior frontal and middle frontal gyri, overall neocortex (minus the superior and middle frontal gyri so as not to double count these ROIs (F1 and F2 respectively ; Caviness et al. 1996a) , anterior cingulate cortex, and cerebellum cortex. For BPD we selected the amygdala, thalamus and orbital prefrontal cortex, based on theoretical considerations and previous findings in the literature. In excluding striatal areas from our proposed ROIs, our reasoning was the following : (a) our preliminary results did not show volumetric differences in the striatal areas typically found in children with ADHD (e.g. caudate, pallidum) ; (b) the work of Castellanos et al. (2002) suggested that the caudate may normalize by late adolescence ; and (c) we chose not to hypothesize accumbens differences even though we found a trend to a larger accumbens in ADHD in previous work ), because we do not have a specific hypothesis regarding enlargement of the accumbens. However, we conducted exploratory analyses on these structures.
Next, we conducted a multivariate test to determine whether ADHD and BPD status is associated with the eight a priori ROIs as a whole, adjusting for whole-brain volume, age and sex. If the multivariate omnibus test indicated a significant effect, we conducted post hoc tests of the individual ROIs. A detailed description of the profile analysis and post hoc testing are as follows.
The omnibus analysis was conducted using multivariate regression models, where several dependent variables can be jointly regressed on the same set of independent variables. The joint estimation allows for the testing of coefficients across equations. We used the eight ROIs as the dependent variables and the two diagnostic status indicator variables (i.e. ADHD and BPD), age, gender and whole-brain volume as the independent variables, using the full sample of 98 participants from the four groups. Each diagnostic status indicator variable tested the volumetric effect of the given diagnosis, adjusting for the other diagnosis and the covariates. Using a Wald test, the omnibus analysis examined the null hypothesis that the coefficients for the diagnostic status terms are simultaneously zero across all equations. If this test was significant, we have evidence that diagnostic status is associated with volumetric effects.
Then, we estimated the effect of diagnostic status on each of the eight a priori selected structures separately, again using the full sample of 98 participants. In each model, we estimated the outcomes as a function of ADHD status, BPD status, and their interaction. If the interaction term was significant, we estimated the pairwise comparisons between the four groups. If the interaction term was not significant, we removed it and re-ran the model with only the main effects because this more parsimonious model would produce more accurate estimates of model parameters. All models were adjusted for gender, age and either whole-brain volume (e.g. the sum of the volumes of the total cerebrum, the total cerebellum, the third and fourth ventricles, and the brain stem) or total cerebral volume, depending on the ROI. We present the adjusted coefficients for the ADHD term and the BPD term, interpreted as the volumetric change associated with the given diagnosis, adjusted for the other diagnosis and other covariates. To provide a measure of absolute volume for each structure, we also present the intercept from each model, interpreted as the estimated mean of the outcome when the values of all the covariates are zero. To make the intercept interpretable, we centered all covariates about their mean. Then, we reanalyzed each outcome with the additional adjustment of any confounding demographic variables.
As we found previously that the overall frontal cortex has a smaller volume in ADHD than controls , we also examined this structure, with the hypothesis that only the ADHD group would demonstrate overall frontal volume reductions. We also analyzed the other cortical lobar volumes. We considered these latter analyses as exploratory as we did not have specific hypotheses about their distinct volumetric association with ADHD or BPD.
[Although the parietal cortex is certainly a plausible ROI for ADHD and there has been evidence of significantly reduced cortical thickness in parts of the ROI (Makris et al. 2007 ), we did not find differences in our initial volumetric study (Table 3 , Seidman et al. 2006) ]. The distinction in findings on the same sample probably reflects method differences, particularly the substantially larger ROIs used in volumetric approaches. Thus, a significant result in a small voxeldefined area may disappear in a larger volumetric approach.] All models were estimated using linear regression, and all tests were two-tailed. For a priori hypotheses, a was set at 0.05 and statistical trends were recognized at 0.10. For exploratory analyses, a was set at 0.01.
Results
Demographic characteristics and psychiatric co-morbidity
There were no significant differences among the groups in age, sex, handedness or whole-brain volume, as shown in Table 1 . Current rates of antisocial personality disorder and multiple (o2) anxiety disorder were statistically comparable across groups. However, differences were found in the omnibus test at the 0.10 level for social class, race, medication status at the time of scanning, and lifetime history of substance use disorders. We also found a significant association between diagnostic status and IQ estimate [omnibus test : F(3, 93)=6.5, p<0.001]. We then assessed the association between each of these variables and the ROIs under study. We found associations at the 0.10 level for three regions in both the left and right hemisphere (a total of six associations) : the middle frontal gyrus (IQ estimate), cerebellum cortex (IQ estimate), and amygdala (IQ estimate and race).
Omnibus multivariate tests
The multivariate test of the omnibus association between ADHD status and BPD status on the eight ROIs was statistically significant on both the left [F(16, 92)= 2.28, p=0.007] and the right [F(16, 92)=1.78, p=0.046]. We therefore proceeded to estimate the effect of ADHD and BPD on each ROI individually.
Predicted effects of BPD and ADHD on brain volumes
We tested the interaction between ADHD and BPD status in a series of models with each volume as the dependent variable. None of the interaction terms were significant (all p values >0.05). The main effects for the hypothesized ROIs are presented in Table 2 . BPD adults had significantly smaller left orbital prefrontal cortex (adjusted mean difference of 10.8 %) and significantly larger right thalamic volume (adjusted mean difference of 2.7 %), independently of ADHD. Although the amygdala volumes in BPD were 8.7 % smaller than in the controls, this difference was not significant. There were no other significant differences in lobar volumes for BPD.
Adults with ADHD had significantly smaller overall left and right non-DLPFC neocortex (adjusted mean differences of 4.3 % and 4.4 % respectively), independently of BPD (see Table 2 ). Adults with ADHD also had significantly smaller right cerebellar gray matter volumes (adjusted mean difference of 1.8 %) volumes, independently of BPD. In addition, adults with ADHD had significantly smaller left superior frontal cortex (adjusted mean volume difference of 11.0 %), and right ACC volume (adjusted mean difference of 10.0 %), independently of BPD (Fig. 1) . Adults with ADHD also had significantly smaller overall frontal lobe volumes, independent of BPD status, age, sex and total cerebrum (adjusted mean difference of 5.3 % ; see Table 3 ).
We then reanalyzed any ROIs that : (1) exhibited significant associations with ADHD or BPD status as displayed in Table 2 ; and (2) were associated with potentially confounding demographic measures : only the right cerebellum cortex met both these criteria. With additional statistical adjustment for estimated IQ, ADHD status remained a statistically significant predictor of the right cerebellum cortex [b=x0.91, 95 % confidence interval (CI) x1.80 to x0.01, p=0.048].
To further demonstrate the statistically significant effects of ADHD and BPD on the ROIs under study, we calculated adjusted mean volumes across the four diagnostic groups (controls, ADHD, BPD and ADHD+BPD ; see Fig. 2 : this figure is just for illustrative purposes, and does not signify that pairwise comparisons between the four groups were conducted ; all analyses of ROIs were carried out using the model described above). As shown, ADHD and BPD are associated with separate alterations. In addition, the volumes of the co-morbid group are distinguished by the additive effects of each disorder. Finally, in exploratory analyses, there were no significant differences at the p=0.05 level between any groups in volumes of the parietal cortex or of the striatal structures, including the caudate, pallidum, putamen or accumbens.
Discussion
Although prior morphometric studies have helped to clarify the neurobiological substrates of ADHD and BPD, there has been heterogeneity that remains unexplained. In the present work, we used a new strategy to address heterogeneity by examining cases with and without co-morbidity with the other disorder.
Our results showed that ADHD was selectively associated with smaller neocortical (including superior prefrontal cortex and ACC) volumes and cerebellar gray matter volume and BPD was associated with significantly larger thalamic volumes, and smaller left orbital prefrontal volumes, independently of the co-morbidity with the other disorder. The combined group manifested elements of each disorder's neuroanatomical deviations. This pattern of syndromecongruent neuroanatomical findings suggests that ADHD and BPD contribute relatively selectively to brain volume alterations. To our knowledge, this is the first morphometric MRI study to address the effect of co-morbidity of ADHD and BPD.
Our findings are consistent with the literature on morphometric studies in children with ADHD that have implicated the cortical attentional network, especially DLPFC, the corpus callosum, caudate and the cerebellum . Moreover, with this larger sample, we now show a significant volumetric reduction in cerebellar gray matter, which was not significant with a smaller sample . The current results support the hypothesis that ADHD is associated with a neuroanatomical substrate implicating the networks subserving attention and executive functions.
Our hypothesis predicting an association between ADHD and the middle frontal gyrus was not supported by these data, although an ADHD effect was found for the superior frontal gyrus. While these results may suggest that our parcellation procedures did not correctly delineate the landmarks used to separate the superior and middle frontal gyri, this is highly unlikely because the landmark that defines the border between these gyri is the superior frontal sulcus, which is prominent and present in all humans. Although there is documented variability in its morphology, it is less than that of other sulci (Ono et al. 1990) , and highly trained technicians can reliably identify it as we documented in the methods section. Nevertheless, we recognize that the superior and middle frontal gyri are only proxies for DLPFC, as morphometric analyses are only estimates of underlying cytoarchitectonic features.
The reduced cerebellar gray matter in adults with ADHD is noteworthy because previous studies of children have demonstrated smaller cerebellar volumes. Clinical observations, experimental testing and neuroimaging studies have implicated the cerebellum in both cognitive (Schmahmann et al. 1998 ; Cabeza et al. 2000) and affective (Schmahmann et al. 1998) behaviors. Furthermore, the identification of reciprocal cerebro-cerebellar connections provides an anatomical substrate for interactions between the cerebellum and prefrontal regions of the cortex (Middleton et al. 2001) . Findings of reduced cerebellar volume in ADHD are therefore consistent with a hypothesis of an abnormal network contributing to cognitive deficits observed in ADHD .
By contrast, BPD was associated with abnormalities in brain regions involved in processing emotion including smaller orbital prefrontal cortex and larger thalamic volumes. Although our thalamic findings are consistent with some studies (Dupont et al. 1995 ; Strakowski et al. 1999 ; Adler et al. 2007) , the literature on thalamic volumes in BPD has been equivocal (Strakowski et al. 2005) . These contradictory findings could be due to the neuroanatomical heterogeneity of the thalamus ; only approximately 40 % of the thalamus is involved with limbic networks and processing . Thus, although our thalamic finding is consistent with theoretical models of BPD, they should be viewed as preliminary until confirmed in refined analyses of the limbic components of the thalamus (i.e. medial dorsal and anterior nuclei).
Our hypothesis regarding significant volume differences in the amygdala was not confirmed, but it was smaller by 8.7 % in BPD than in control subjects. The literature shows large degrees of variability for the amygdala (McDonald et al. 2004 ; Strakowski et al. 2005) . These discrepancies could be due to the heterogeneity of BPD, including co-morbid ADHD and age of BPD onset, as well as differences in neuroimaging methodology. Moreover, while our inter-rater reliability estimate for the amygdala is adequate (0.84), this structure is difficult to measure and the modest reliability may also contribute to increased variability of the volumes.
Considering that ADHD is a relatively common comorbidity in adults with BPD (Sachs et al. 2000) , our findings may begin to explain some of the discrepant neuroimaging findings in adults with BPD. For example, in studies of adult BPD showing volumetric reductions in the frontal regions, including regions close to or inclusive of the DLPFC, co-morbid ADHD was not an exclusion Lopez-Larson et al. 2002) . In fact, Sax and colleagues found significant associations between prefrontal volume and performance on the Continuous Performance Test, a test that is impaired in subjects with ADHD (Seidman, 2006) . Therefore, co-morbid ADHD rather then the BPD itself could have accounted for reported volumetric reductions in some frontal regions. These findings stress the importance of attending to the comorbidity with ADHD to disambiguate causes of structural heterogeneity in studies of bipolar subjects (McDonald et al. 2004 ) and vice versa.
Our findings support the hypothesis that the cooccurrence of ADHD and BPD is a true co-morbidity and less likely to be a misdiagnosis of the other (Milberger et al. 1995) , and is consistent with family studies of ADHD and BPD (Faraone et al. 1997 (Faraone et al. , 2001 ), which found specificity in the familial aggregation of these disorders. This issue is of particular clinical relevance considering that BPD and ADHD require very different treatments.
Our findings should be viewed in light of some methodological limitations. Because our patient samples were referred, our results cannot be generalized to non-referred samples. Another limitation to generalizability is that our sample was skewed toward Caucasian participants and was not representative of lower socio-economic strata. The diagnoses of adult ADHD relied on self-report, and there is substantial evidence for the validity of such diagnoses (Shaffer, 1994 ; Faraone et al. 2000) . Moreover, it is possible that different medications had effects on brain volumes. Studies of bipolar patients are particularly difficult to conduct in medication-naïve subjects as the seriousness of symptoms usually necessitates medication. Similarly, the effects of prior substance use disorders cannot be estimated in this sample, although the rate of lifetime substance abuse or dependence in our control group (30 %) is consistent with nationally representative epidemiological data of the same outcome (26.6 %) (Kessler et al. 1994) . Although our parcellation procedures have demonstrated reliability, there are limitations inherent in the current technology of MRI that prevent more detailed examinations of neuroanatomy. Future studies will benefit from advances in MRI technology. Finally, although there were IQ differences between the groups, none of the significant effects in the ROIs could be accounted for by IQ. It should also be noted that the mean IQ of the ADHD group was somewhat higher that what might be expected, indicating that our sample may represent the upper end of the ADHD IQ distribution. Despite these considerations, our findings suggest that ADHD co-morbid with BPD manifests elements of each disorder's neuroanatomical deviations. The syndrome-congruent findings identified suggest that ADHD and BPD may contribute selectively to brain volume alterations and support the hypothesis that individuals with both disorders are truly co-morbid. 
